Introduction
Among all primitive types of brain tumor, glioblastoma remains one of the most common, with an incidence of 3.2/100,000 individuals annually (1) . With increasing life expectancy in Western countries, a steady increase in the incidence of this cancer has occurred in recent decades (2, 3) ; the incidence in people >65 has doubled in 30 years (from 5.7/100,000 inhabitants between 1974 and 1981 to 10.6 per 100,000 between 1989 and 1999) (4) . Glioblastoma has a very poor prognosis with a median survival of 14.6 months in patients treated with surgery, radiotherapy and concomitant chemotherapy (5) . Due to the aggressiveness of this tumor, multidisciplinary care (neurosurgeon, radiotherapist, medical oncologist, supportive care) remains absolutely necessary, and is initiated rapidly and continued until a late stage of the disease. Indeed, in a situation of local recurrence and when the situation permits, several specific treatments may be proposed: Reoperation (6, 7) , with or without implants of carmustine, different protocols of chemotherapy (mono or dual therapy) using or not temozolomide (8) (9) (10) (11) (12) , targeted therapies including bevacizumab (13, 14) and re-irradiation in rare selected cases (15) (16) (17) . These options can be considered as specific palliative anticancer treatments (SPAT). By contrast, when the clinical profile does not allow the patient to tolerate these treatment types, only the pursuit of a treatment based on best supportive care (BSC) remains possible (corticosteroids, anti-edematous treatment, treatment of nausea, pain and undernutrition). It is difficult to specifically detail the clinical factors that may impact the medical decision to continue or not with SPAT in patients with glioblastoma in terminal phase.
The objective of the present study was to analyze the therapeutic management of patients with glioblastoma during their last 3 months of life and to identify clinical criteria that may influence the decision of stopping SPAT at the end of life. home between June 30th 2006 and February 27th 2014 were taken into account in this retrospective mono-centric study. Medical records from radiotherapy and medical oncology departments of Lucien Neuwirth Cancerology Institute were analyzed, with glioblastoma histologically confirmed. When certain data were missing, the patient's general physician or family were contacted for more data. The date of death was obtained by registers of the units, which corresponded to the date of the death certificate signed by the physician. Demographic data were age, gender, performance status (PS), recursive partitioning analysis (RPA) score and occurrence of symptoms such as motor and/or sensitive deficit and cognitive dysfunction at the time of diagnosis. For each patient, the presence or absence of cognitive disorder was assessed by using the mini-mental state examination (18) . This test was performed in the month following diagnosis. Pathological thresholds were variable depending on the patient's socio-cultural level. All treatment options (SPAT or BSC) were previously presented to patients in consultation, delivering clear, fair and adequate information on the risk/benefit ratio. Patient preferences were taken into consideration. All decisions were then confirmed following a multidisciplinary meeting. The study design was approved by the local ethics committee.
Cancer and treatment data. Cancer-associated data were as follows: Date of diagnosis, type of surgery (biopsy or operation), tumor location and notion of reoperation. O6-methylguanine-DNA-methyltransferase (MGMT) status was not available for all patients and was therefore not considered in the present study. Anticancer treatments administered during the last 3 months of life were divided into two groups: i) the SPAT group, which included surgery, chemotherapy and radiotherapy; and ii) the BSC group (symptomatic treatment).
Patients receiving SPAT were assessed every 3 months through a neurological clinical examination and cerebral magnetic resonance imaging with gadolinium injection [sequences T1-, T2 and fluid attenuation inversion recovery (FLAIR)]. Biological parameters [platelets, polynuclear neutrophils, hemoglobin, creatinine and the modification of the diet in renal disease (MDRD) calculation of creatinine clearance] were controlled by blood samples, 24-48 h prior to each cycle of chemotherapy.
Statistical analysis. The mean, standard deviations, medians and ranges were used as descriptive statistics. The present study analyzed the type of treatment administered during the last 3 months of life, but also the initial treatment received for patients. For each group, overall survival (OS) was calculated from the date of histological diagnosis and from the time of recurrence. Progression-free survival (PFS), defined as the time elapsed between treatment initiation and tumor progression or mortality from any cause, was also calculated. The association of type of treatment received during the last 3 months of life (SPAT or BSC) with a patient's initial characteristics and the specific treatments at initial management were assessed by χ 2 test, Wilcoxon rank sum test and t-test, as appropriate (P=0.05). Kolmogorov-Smirnov test was used for testing normality of each variable: P<0.05 was considered to indicate a statistically significant difference. Table I ).
Results

Patient
Tumor locations. In the SPAT group, the predominant tumor locations were the frontal lobe (22.2% of cases) and the temporal lobe (16% of cases). For the BSC group, the temporal lobe and the frontal lobe were the most common locations (29.9 and 13.4% of cases, respectively) (Table II) . All patients had a diagnosis of primary glioblastoma.
Specific treatments for the initial management. During initial surgery, complete resection was obtained in 34.6% of cases in the SPAT group and 20.9% of cases in BSC group. Patients in the SPAT group have more often received adjuvant chemotherapy with temozolomide (79% of cases in the SPAT group vs. 61.2% of cases in the BSC group, P= 0.0175). At progression, a second-line chemotherapy was more often performed in the SPAT group (39.5% of cases) compared with in the group BSC (20.9% of cases, P=0.0149). The mean number of lines of chemotherapy was higher in SPAT group compared with the BSC group: 1.44 (0.77) vs. 1.06 (0.67), respectively (P=0.0017; Table III ). Details of specific treatments received during the last 3 months of life (SPAT group). The majority of patients in the SPAT group received chemotherapy during their last 3 months of life: 74/81 patients or 91.3% of cases. The most frequently administered chemotherapies were temozolomide (45/81 patients, 55.5% of cases) and irinotecan, associated with bevacizumab (23/81 patients, 28.4% of cases, Table IV ).
Survival data. The mean OS, calculated from histological diagnosis, were equal to 13.05 months (standard deviation, 9.58) in the SPAT group and equal to 13.04 (standard deviation, 9.14) in the BSC group (P= 0.86). From the time of recurrence, the median OS was equal to 2 months (0-28 months) in the BSC group vs. 2 months (0-22 months) in the SPAT group. The mean PFS was equal to 8.99 months (standard deviation, 6.71) in the SPAT group and 7.76 months (standard deviation, 4.85) in the BSC group (P=0.40, Table V) .
Discussion
At first, the SPAT term may appear ambiguous. In a context of currently incurable cancer, the present study considered the included patients as receiving palliative treatment whose purpose was not to complete cure, but to obtain tumor control. The notable result that emerges from the present study is that more than half of the analyzed patients who exhibited glioblastoma (54.7% of cases) received SPAT during last 3 months of life. This rate appears particularly high. In the previous study by Viel et al (19) , the rate of patients receiving SPAT during the last 3 months of their life was equal to 83.2% of the analyzed cases (total no., 167 patients). Among the 139 patients treated with SPAT, the most commonly diagnosed cancer types in the initial management were breast cancer (16.6% of cases) and head and neck cancer (14.5% of cases). The present study also demonstrated that patients who received a SPAT (Group A) were generally younger compared with those who received BSC (Group B). The median age at diagnosis was 58 years (21-87 years) in Group A vs. 69 years (27-87 years) in group B. Patients in group A had also received more previous lines of chemotherapy compared with in Group B; on average, 1.96 vs. 0.39, respectively. In conclusion, the authors of the study suggested that these factors must be considered (age at diagnosis and number of previous lines of chemotherapy) in the decision-making for cancer patients in the terminal phase. In the SV2 study, it was observed that one of these two factors was also taken into account in the final decision of management of patients with glioblastoma: The mean number of lines in the previous study) (5) and with an unfavorable RPA score (score of V or VI for 78 patients or 52.7% of cases in the SV2 study). Concerning chemotherapy in the BSC group, a high percentage of patients did not receive adjuvant temozolomide (38.8 vs. 21.0% of cases in the SPAT group, P= 0.0175). The reasons for discontinuation of the STUPP protocol (5) in the BSC group were predominantly death (5 patients), PS=4 following completion of radiotherapy (9 patients) and persistent grade 4 thrombocytopenia (4 patients). By analyzing the results of the SV2 study, one other criterion may have been involved in the decision whether to continue or not SPAT in patients with glioblastoma and near the end of their life: After a first progression, the percentage of treatment with a second line chemotherapy was higher in the SPAT group (39.5 vs. 20.9% of cases in BSC group, P=0.0149).
The second result, which has to be emphasized in the SV2 study, is that no difference for OS was observed between the SPAT group and the BSC group; the mean OS was equal to 13.05 (standard deviation, 9.58) months in the SPAT group and 13.04 months (standard deviation, 9.14) in the BSC group (P= 0.86). Additionally, the mean PFS was quite similar between the two groups (8.99 months, standard deviation, 6.71 for the SPAT group vs. 7.76 months, standard deviation, 4.85 for the BSC group, P=0.40); therefore, this criterion could not be considered as a major criterion for the decision of SPAT or BSC. These results are the source of questions about the usefulness of SPAT in patients close to mortality and suffering from glioblastoma. Earle et al (20) noted that the treatment of cancer patients near death is becoming increasingly aggressive over time. Between 1993 and 1996, the rate of patients who still received chemotherapy in their last two weeks of life grew from 13.8 to 18.5%, respectively (P<0.001). A second article by Earle et al (21) focused on the probable overuse of chemotherapy among cancer patients at their end of life. However, it has already been demonstrated that the use of chemotherapy near the end of life is not associated with its ability to produce benefits (22) . In fact, patient preference appears to still have a restrained role for the choice to pursue SPAT or not (23, 24) . Physicians use several arguments to explain the continuation of treatments producing limited benefits to cancer patients near the end of life. For example, these treatments can be considered as a potential hope for the patient, or the development of novel targeted therapies with few side effects allows these treatments to be maintained until the last days of life of the patient. It should also be noted that the discussion with the patient on the cessation of active treatment of cancer and the development of symptomatic and supportive care is an event that is often difficult to approach.
The implementation of supportive care of good quality, with the main objective of patient comfort at end of life, remains indispensable. It should be acknowledged that, to date, bevacizumab failed to obtain approval as second line therapy in Europe, and that no third line has demonstrated any clinical benefit. Therefore, it appears that a substantial number of patients clearly receive a treatment with no demonstration of its usefulness.
In conclusion, SPAT and, in particular, chemotherapy, are used frequently among patients near death and with a glioblastoma. Certain factors, including utilization of novel chemotherapy after the first progression or number of lines of chemotherapy previously administered, may have influenced physicians in the decision as to whether to continue or not the SPAT. Palliative care for these patients with glioblastoma remains essential.
